Materials and Methods Production and immobilization of Wnt proteins
Recombinant mouse Wnt3a or Wnt5a proteins were produced in Drosophila S2 cells grown in suspension culture, and purified by Blue Sepharose affinity and gel filtration chromatography as described (30). Wnt3a activity was determined in a luciferase reporter assay using L cells stably transfected with the SuperTOPFlash reporter as described (10)/ ( fig. S2 ). Wnt3a or Wnt5a were immobilized onto 2.8 µm Dynabeads® M-270 Carboxylic Acid (Invitrogen). The carboxylic acid groups were activated at room temperature for 30 min by carbodiimide and N-hydroxyl succinimide (50mg/ml each, dissolved in 25mM cold 2-(N-morpholino)ethanesulfonic acid (MES) buffer pH 5). After activation the beads were washed three times with 25mM MES buffer pH 5. To achieve Wnt immobilization, 0.2 µg of purified Wnt protein was diluted 1:5 in cold MES pH 5 and incubated at room temperature with gentle rocking for one hour. The Wnt beads were washed three times with MES pH 5 and additional three times with phosphate buffered saline (PBS) pH 7.4. The Wnt beads were stored in PBS/ 1% BSA buffer at 4°C. To generate inactive variants of immobilized Wnt3a, Wnt3a protein was immobilized onto beads followed by incubation with Dithiothreitol (DTT) for 12 min at 37°C. Then, the Wnt beads were washed six times with PBS and stored in PBS/ 1% BSA buffer at 4°C. Wnt5a activity was determined by inhibiting Wnt3a activity in a luciferase reporter assay using 293 cells stably transfected with the SuperTOPFlash reporter as described (2).
Purified R-spondin-1 and DKK-1 proteins were purchased from R&D systems. 6 µg purified R-spondin-1 were covalently immobilized onto 2.8 µm Dynabeads® M-270
Carboxylic Acid (Invitrogen) as described above. To immobilize DKK-1, 10 µg aldehyde coated beads (5 micron, Xenopore) were washed three times with PBS and then incubated with 4 µg purified DKK1 for one hour. The DKK-1 beads were washed with PBS three times and stored in PBS/ 1% BSA buffer at 4°C.
Cell lines and Cell culture
Mouse Embryonic Stem (ES) cells were cultured in ES cell medium (DMEM plus 15% fetal bovine serum (Hyclone), 1mM sodium pyruvate, MEM non-essential amino acids, 50 mM b-mercaptoethanol, 100 U ml -1 penicillin, 100 mg ml -1 streptomycin (all from Invitrogen) and 1,000 U ml -1 LIF (Chemicon)) supplemented with 100 ng ml The Nanog-Venus and Oct4-Venus knock-in lines were generated by gene targeting in R1 ES cells. A Venus-IRES-neo cassette was inserted before the stop codon and in frame with the coding sequence of the gene.
Plasmids and mESC transfection
pEGFP-CENT1 (14) was obtained from Dr. Song Hai Shi. The mouse ninein (GenBank/EMBL/DDBJ accession number AY515727) plasmid was provided by Dr.
(Plasmid 16817).
Transient transfections were performed with X-tremeGene HP-DNA transfection reagent on mESCs according to the manufacturers instructions (Roche). At 24 h posttransfection, cells were plated onto a 6 well plate, allowed to recover for 6-8 hours and then prepared for time-lapse imaging experiments.
Marker staining and immunohistochemistry
For immunostaining, chambered coverglasses were coated with 15 mg ml 
Confocal imaging
The Zeiss Meta LSM510 confocal was utilized and a series of Z stack images were collected with either 63x/NA 1.4 oil or 40x/NA 1.3 oil objective. The Z series were analyzed by Volocity software (PerkinElmer). Only a fine filter was applied to reduce the noise in the image. A three dimensional reconstruction was performed and a snapshot was made and represented in JPEG image format. Some of the panels contain XYZ views.
Two-dimensional time-lapse imaging
Cell preparation: Single cell suspension of 5000 reporter ES cells (in N2B27 media) were mixed with 2.25 µg Wnt beads and co-cultured in 8 well chambered coverglass slides.
The cells and beads were incubated for 1 h at 37°C and 5% CO2 before starting the timelapse experiment.
Time-lapse microscopy for all experiments was performed using a DMI6000 B system were calculated according to binomial distribution with an expected probability of 0.5.
All the rest of the P-values were calculated according to Fisher exact probability test. The P-values are calculated for the same category in Wnt3a versus Wnt5a bead treatments except where indicated otherwise.
Fig. S1
Purified Wnt3a but not Wnt5a proteins support self-renewal of ES cells. Rex1-GFP ES cells were cultured for a week in serum free media in the presence of LIF and either purified Wnt3a or Wnt5a. 
Fig. S4
Wnt5a beads do not induce asymmetric distribution of components of the Wnt/ß-catenin pathway. ES cells were co-cultured with Wnt5a beads (indicated by dashed purple circle or reconstructed as a purple oval) and immuno-stained at various stages of cell division with APC (cyan), LRP6 (white) and ß-catenin (red) antibodies. All fluorescent images are snapshots of 3D reconstruction of z stacks of the confocal images. Nuclear ß-catenin is additionally visualized by representation in XYZ in the plane of the nucleus. The beads are 2.8 µm.
Fig. S5
The distribution of Frizzled-1(Fz1)-GFP during ES cell division. ES cells expressing Fz1-GFP were co-cultured with Wnt3a beads and the division was monitored by timelapse imaging. The location of the bead (2.8 µm) that contacted the cell during the division is marked by dashed yellow circle. The location of the bead that contacted the cell during the division is marked by dashed yellow circle.
Fig. S10
ES cell division in the presence of multiple Wnt3a beads. Wnt3a beads were incubated with single cells of various pluripotency reporter lines and the division and the distribution of the beads to both daughter cells were followed by time-lapse imaging. The location of the bead (2.8 µm) that contacted the cell during the division is marked by dashed yellow circle. 
Movie S1
Three-dimensional view of a dividing H2B-Venus ES contacting Wnt3a bead. Images were collected by Bessel beam plane illumination microscopy every 30s.
Movie S2
Three-dimensional view of a dividing H2B-Venus ES contacting Wnt5a bead. Images were collected by Bessel beam plane illumination microscopy every 30s.
Movie S3
A Nanog-Venus ES cell contacting Wnt3a bead. Images were captured every 20 minutes.
Movie S4
A Rex1-GFP ES cell contacting Wnt3a bead. Images were captured every 20 minutes.
Movie S5
A Sox2-GFP ES cell contacting Wnt3a bead. Images were captured every 20 minutes.
Movie S6
A Stella-GFP ES cell contacting Wnt3a bead. Images were captured every 20 minutes.
Movie S7
A Nanog-Venus ES cell contacting Wnt5a bead. Images were captured every 20 minutes.
Movie S8
A Rex1-GFP ES cell contacting Wnt5a bead. Images were captured every 20 minutes.
Movie S9
A Sox2-GFP ES cell contacting Wnt5a bead. Images were captured every 20 minutes.
Movie S10
A Stella-GFP ES cell contacting Wnt5a bead. Images were captured every 20 minutes.
